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“And whatsoever is the seed of all beings, that also am I, O Arjuna. There is 
no being, whether moving or unmoving, that can exist without Me.” 


— Bhagavadghita 


Abstract 


Living organisms, as are conceived under the terminology and the 
conceptual framework of the modern and interdisciplinary sciences mo- 
saic focused on complexity (general systems theory, complex systems the- 
ory, chaos theory, communication and information theory, cybernetics...), 
consist on several juxtaposed and integrated multi-scale processes, intrin- 
sically complex and autonomously organized, which tend to reduce en- 
tropy locally by producing, accumulating and reproducing interpretable 
(genetic) information. In this sense, the definition of living organism can 
be applied recursively at different spatial scales; it is functional either 
in its application to living beings, insect colonies, ecosystems and highly 
organized human societies —as long as an ontologically adequate demar- 
cation criterion is used. Besides, machines, conceived as human creations 
directed according to a purpose, can potentially possess the same qual- 
ities that living beings manifest on the informational level, beyond and 
independently of the material level. Both living beings and then machines 
—in this precise direction— are dependent both functionally and, to begin 
with, existentially, of a guiding principle of a cognitive-linguistic nature; 
a logos, an intelligence in the broadest sense of the term. 


1 Introduction 


Since its very beginning, the field of cybernetics has directed its research toward 
understanding the behavior, the control and the communication, both in the an- 
imal and in the machine as well, both in the living tissue and in the electronic 
circuit, identifying both as functionally equivalent —at least generally '. The 


1Norbert Wiener, Cybernetics (1948-1961). 


regulatory processes in muscle contraction, in the the processing of ammonia or 
carbon oxides in the blood or in the homeostasis of an entire organism, specifi- 
cally the feedback mechanism and especially the negative feedback mechanism 
(among others of an oscillatory nature 7) since they are universal and since they 
are not restricted to or specific to any particular material domain, can be repli- 
cated by other material means, not necessary organic ones, whit virtually any 
degree of exactness or similarity, given the sufficient technical refinement. 

The first experimental proof of it, although rudimentarily, is the steam engine 
design and consructed by James Watts built in the 18th century, which uses a 
flyballs mechanism whose angular speed depends on the internal pressure, such 
that the dynamics created between the steam flow introduced into the internal 
motor, its speed and the opening of the access valve connected to the flyballs 
being reciprocal, the operation of the device is automatically balanced. More 
extraordinary evidence of this, this time with greater theoretical interest, is 
the "homeostat" designed in the fifth decade of the last century by the pioneer 
cybernetician and psychiatrist W. Ross Ashby 3, which consisted of a series of 
interconnected electronic boxes or units, with parameters and variables of preset 
values as an internal state, and whose function was to maintain the global state 
in equilibrium, given possible external disturbances, through negative feedback 
loop processes. 

Nowadays, cybernetics, along modern computation, are profundly intregated 
in robotics —being the former a pre-robotics and the later some kind of post- 
cybernetics. Every automation mechanism based on robotics used on industry 
are based as well on the principles originally formulated and developed in a large 
extent by Wiener. Nevertheless, cybernetics still form an active part in the the- 
oretical corpus of sciencies, since it has several applications either on molecular 
biology, neurobiology and ecology as well; on every discipline involved whit sys- 
tems. On the other hand, the current interest in understanding communication 
and control mechanisms in information systems lies almost entirely in the field 
of machine learning, that is, artificial intelligence. 

Both Alan Turing 4 and John von Neumann ° independently identified the 
digital nature of the human brain, discarding the idea of its possible analog 
nature. These two pioneers of computation were primarily seeking the same 
thing: a means for investigating the functioning of living organisms and the 
human brain with special interest, not so much a tool with practical applications, 
and this was possible due to the fact that both the brain and its analogue, 
the electronic computer, are both digital machines; they manipulate symbols 
according to established or implicit logical-formal rules, and they can (both 
in principle) carry out tasks ranging from purely algorithmic and sequential 
to higher-order cognitive and meta-cognitive tasks, all by means of internal 
states and operations of a discrete nature, that is, finite in number. Thanks 
to developments in computing, both by inspiration and by practice, Turing 


2 Ibid, Chapter IV. 

3W. Ross Asbhy, Design for a Brain (1952). 

4Alan M. Turing, Computing Machinery and Intelligence (1950). 
5John von Neumann, The Computer and The Brain (1958). 


was able to develop pioneering ideas in the field of developmental research, 
specifically about the formation of biological geometric structures from genes 
and what he call morphogens ®; von Neumann, for his part, developed a theory 
about self-reproducing systems and put into practice the idea of the cellular 


automaton 7. 


Living organisms are essentially self-organized systems, highly and intrinsi- 
cally complex, based on non-equilibrium processes, that: 


i) Tend to reduce entropy locally by means of the generation, replication, 
accumulation and self-implementation of information concerning the means to 
achieve this, i.e., concerning the construction of material formations (creation 
of order and meaning), whose specific structures are directly identifiable with 
specific functions, which are ultimately directed towards the optimal use of 
energy and resources, and 


ii) Are built and maintained autonomously (morphogenesis and metabolism) 
through hierarchical networks —organized hierarchically both in space and in 
the network itself— of recursive processes, solidly interconnected, in which, usu- 
ally, the structures built according to the accumulated information are directed 
toward the construction or maintenance of other structures or of the same ones 
that carried out their own construction. 


Since such features can also be found in even more complex formations, in 
systems of higher order than individual living beings, such as insect colonies, 
ecosystems, or even highly organized human societies, complex and self-organized 
systems exist and operate at different spatial scales and under different material 
configurations (systems within systems). 

In the first place, in the case of living beings, self-organizing behavior, i.e. 
its first manifestation, was achieved in part thanks to the genetic code, tangibly 
represented by nucleic acids and by the set of all their translations, embod- 
ied by the set of amino acids and usable proteins. Since the formation of the 
first self-replicating molecular structure, the genetic language has generated and 
produced millions of data and has built millions of creatures, i.e. millions of self- 
organizing material formations. On the other hand, in the case of organizations 
of living beings, such as insect colonies or societies, self-organizing behavior 
is an emergent rather than a fundamental manifestation, and it is language, 
semiochemical in the case of lower creatures or symbolic in the case of higher 
creatures, what allows the handling of information on this level. 

Neither reproduction nor evolution are considered fundamental properties of 
self-organized systems, since these two are only relevant to the extent that the 
genealogy or history of all classes of beings generated up to that moment is taken 
into consideration, that is, insofar a temporal point of view is adopted, and not a 
timeless one as in this case. Reproduction is nothing but the complete, integral 
replication (asexual reproduction, self-reproduction) or convergent (sexual re- 


6Alan M. Turing, The Chemical Basis of Morphogenesis (1951). 
7John von Neumann, Theory of Self-Reproducing Automata (1966). 


production, coordinated) of all the information accumulated up to that moment 
in a certain line of history. On the other hand, evolution would be the conse- 
quence of both reproduction and the elimination and addition of information, 
the bifurcation (divergent evolution) or convergence (convergent evolution) of 
systems; succinctly, it would be the mere consequence of change over time. 
Both the potential possibility of constructing inorganic living beings or sim- 
ulating some of their behaviour, whatever the means, and the intriguing pos- 
sibility, increasingly real every day, of simulating human thought, ultimately 
derived from the same fact. Living beings, and therefore human beings, are the 
product, mainly, of three circumstances concatenated in the following order: 


i) The most fundamental informational configuration of matter in particu- 
lar and of the fundamental constants in general in this universe, which allows 
the existence of life —based on carbon in the foremost— and the existence of 
intelligence, 


ii) The existence of a cognitive-linguistic device capable of operating at the 
molecular level and beyond, which simultaneously possesses both the capacity 
to produce, store and reproduce information and the ability to convert this 
information, by means of a specific intrinsically self-assigned meaning, into in- 
terpretable and usable knowledge; all of this in accordance with environmen- 
tal circumstances and in such a way as to ensure self-reproduction and self- 
organization of itself and of the carrier creature accordingly; in other words and 
succinctly, the existence of a genetic language, and 


iii) The creation of better versions of the primordial cognitive-linguistic de- 
vice, of zero or minimum order, by itself, which amplifies its original capacities, 
just as the nervous system and its manifestations are created by genetic lan- 
guage: symbolic natural language and formal languages of first, second and nth 
order. 


The existence of better cognitive-linguistic devices, such as the human mind, 
can give rise to better versions of itself, equivalent versions or inferior versions; 
that is, to machines that are superior, equivalent or inferior to itself from a 
functional and operational point of view. 

In other words and to sum up: whatever the concrete means by which a 
complex self-organized system has been materially instantiated from an image or 
model of an abstract nature, that is, of an informational nature (genes, schemes, 
plans, etc.), more or less complex, whether it has been produced by an intelligent 
being, by an intelligent machine or by an intelligent universe, the intervention 
of an intelligence, an original organizer, a logos in the multi-variable sense of 
the very ancient term, has necessarily been required. 

Everything in this universe is intrinsically and reflexively organized out of 
a primordial order instantiated in some very deep stratum of reality, and every 
event is an action performed by the very upon itself. As one of the pioneers of 
chaos theory, Mitchell Feigenbaum, put it: “things act upon themselves, over 
and over again”. Now, the identity of the primordial intelligence, the ultimate 
meta-intelligence, or the divine entity that creates the world (if you prefer), that 


creates the order in this universe that allows for the existence of living beings, 
intelligent beings, and the recursive creation of intelligent beings by other in- 
telligent beings, is completely incomprehensible under the circumstances, both 
in terms of conceptual development and in terms of purely physical limitations. 
However, as long as the local and particular circumstances of each religion are 
left aside and only metaphysical, theological, or even logical-mathematical terms 
and arguments are used if it were unexpectedly possible such a thing, the the- 
ological causality and intelligent design of life hypothesis should be an open 
question in the current scientific paradigm. 

It should be noted that the terms “cognitive”, “perceptual”, “linguistic”, or 
even “communication”, in this particular context and given their use in it, tran- 
scend the antropological domain and even the realm of the living in general. 
Indeed, cognition, perception, and language are all phenomena that are not 
restricted to the sphere of the animate, but are repeated on multiple spatial 
scales and in a multitude of material configurations. When I refer to informa- 
tion processing at the chemical level or to the genetic cognitive-linguistic device 
of nucleic acids, I do not intend to make use of a metaphorical or allegorical 
verbal artifact or an unduly founded parallelism; instead, I intend to express 
an analogy of a special kind, a purely structural and operational analogy, that 
is, an isomorphism —not in the technical sense used in mathematics but in the 
sense that is derived etymologically. 

Furthermore, continuing with the contextual clarifications, the meanings 
associated with the terms “cognitive” and “linguistic” are closely interrelated — 
if not vaguely differentiated. By “cognition” I refer generally and generically 
to the processing of any kind of information, while by “language” I mean the 
most fundamental and all-encompassing of cognitive processes. On the other 
hand, by information I mean the currency of perception and cognition, that is, 
the means by which a cognitive system is able to operate in whatever forms 
it presents. The embodiment or tangible representation of information will be 
dependent on the relative system that interprets it, the molecular structure of a 
chemical body being information processable by an enzyme or a cell membrane 
but not processable by a transistor; or a string of symbols of the Cyrillic alphabet 
being information processable by a speaker of Russian or Bulgarian but not 
processable by someone who does not know or speak Slavic languages, etc. 


2 Mathematical and Physical Preliminaries 


I shall use some explanations based on mathematical concepts and expressions 
in order to add rigor to this text —if any is needed... 

I will begin by considering some of the fundamental aspects of thermody- 
namics and statistical mechanics, such as the quantitative equivalence relation 
between entropy and information, given Shannon’s definition °. I will not con- 
sider the extrapolation within the framework of quantum mechanics carried out 
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by von Neumann since it is not accurate for the case. 

Let’s say we have a describable system, that is, one whose configuration 
can be expressed by a given information. If this system has a number (0 of 
possible states, then the amount of information needed to describe it, measured 
in number of bits, will be given by the amount 


I = log,(%) 


Conversely, if the number of bits required is known to be n, then naturally the 
number of possible states of the system will be 


Q = 2” 
which simply means that 
IT=n 


If instead of a number Q of possible states it turns out to be the cardinal 
of a random variable X = {21,22,...,%n}, where P = {pj,po2,..,pn} would be 
the probability distribution and P(x,,) = py the probability that the n-th event 


occur, and, indeed 
Se2@st 


then the entropy associated to X, 
H(X) =— J pilogy(pi) 
i=1 


would be precisely the opposite measure of the system information, that is, 
HA=-I 

So, going back to Q, if every probability P(w,) = pn, where w € Q, it is equally 

probable so that p; = 1/ for every i, it turns out that 


Q 


T= / pi loge(pi) 


i=1 
and, consequently, it is verified that 


Q 


I= y 6 logs (5) => (3) (— log (9) = —log,(®) = -H 


i=l 


Now, as for entropy itself, it can be defined in terms of infinitesimal changes 
and reversible processes such as the proportion 
dQ 


dt ==. 
T 


or as d 
T 


according to Clausius’ definition, where dQ would express the infinitesimal 
change of heat and T would represent temperature. It could be informally 
interpreted as a measure of disorder or randomness, both qualities being am- 
biguous and difficult to express mathematically. But it can also be interpreted 
as a measure of unusable energy within an isolated system. 

According to the second law of thermodynamics, in isolated systems, in 
which there are no inputs or outputs of heat, work or energy of any kind, where 
the latter is therefore constant, it turns out that in the system 


dH >0 


invariably until it is reached Hyax, the maximum entropy, which in this con- 
text would be equivalent to the equilibrium entropy Heq, point at which the 
system becomes completely homogeneous such that the probability of any event 
happening at all is equivalent to any other: 


P(21) = P(a2) =--- = P(ay) 


If entropy is expressed as a time-dependent function S(t), which is perfectly 
correct, then the same thing could be expressed a little more precisely by stating 
that, given an initial amount of entropy Ho for any given initial time to, it turns 
out that 

lim S(t) = Aynax 

t-0o 


and therefore for the average (in a continuous environment) 


T. 
p= f seat 


given some T' > 0 for the future, or 


0 
z [swe 


given some T < 0 for the past, when it tends to infinity, its limit would also be 
the maximum entropy: 


1 T 
lim = S(t)dt = H. 
im pf S(Oat= Hn 

According to Boltzmann’s statistical interpretation, entropy can also be 
expressed as 


H = kg ln(Q) 


where Q would be this time the number of microstates that make up the 
macrostate of the system, expressible in terms of the position and momen- 
tum of each particle (its energy) and kg would be the Boltzmann’s constant, 


which relates absolute temperature and energy and therefore provides thermo- 
dynamic dimensionality. This implies that given a greater number of possible 
microstates, there will be greater entropy. Moreover, from all this we can con- 
clude that entropy is an additive magnitude, which means that given an index 
q@ corresponding to the different parts of the system, 


Hay ne 
and the same thing happens with information: 
[= 


If the statistical interpretation is generalized to systems that are not in a 
single microstate, but can be in multiple microstates with different probabilities, 
then one finally arrives at the definition of Gibbs” entropy: 


H =—kp Sp; In(p,) 


This is directly analogous to Shannon’s formula, which reinforces the fact that 
there is a connection between the statistical definition of entropy and the defini- 
tion of information. Indeed, it is trivially verified that the relationship between 
Shannon’s definition and Gibbs’ definition is given by 


H = kpH(X) 


if X is replaced again by 2; and that the relationship between the Gibbs and 
Boltzmann definitions, assuming again that p; = 1/Q for all i, ie. that all 
microstates in this case are equiprobable, is given by 


+e) 


Q 
1 1 1 
A= ke q ing) = ke a! In(Q)) )=kpln(Q Dar, Nie iat (Q) 
i= i=l 


The Boltzmann‘s constant is introduced to ensure dimensional and scalar con- 
sistency of entropy in general and, in particular, to convert the dimensionless 
Shannon ‘s entropy into a quantity with units J/K, suitable in thermodynamics. 

The physical meaning of the relationship between entropy and information 
lies in the fact that the greater the entropy, the greater the disorder and ran- 
domness of the system and therefore the greater the information required to 
determine its real state. However, in a different order of things, this interpreta- 
tion is replaced by another, but this will be discussed later. 


As for complexity, it can be roughly quantified by structural information 
and according to Kolmogorov’s definition. In the same context given above, 
structural information refers to the amount of order, patterns or regularities in 


the describable system, and measures how organized or structured it is with 
respect to a random or disordered state. Still, in a lower resolution analysis, 
complexity merely refers to the number of possible states 2 that the system can 
adopt, but this definition is not satisfactory when we are talking about highly 
organized complex systems. 

In this sense, a sequence s; = 1010101010101 is more organized than another 
sequence sg = 1000100101111 and therefore s; contains more structural infor- 
mation. Similarly, a piece of high purity pyrite would be more organized than 
a low purity one, since the first one presents a perfectly regular cubic structure 
while the other one presents a more irregular structure. In any case, note that 
in both cases the amount of relative information is not dependent on the degree 
of structural organization and therefore it is not a definitive measure, but rather 
an approximate or, more precisely, a conceptually independent one. 

Formally, for any sequence s , whether one-dimensional or three-dimensional, 
identifiable with a simple line of digits or with an entire material structure, the 
complexity K(s) is defined as: 


K(s) = min {|p| : U(p) = 3} 


where U(p) would be the output of a universal Turing machine U when it 
executes the program p, that is: the complexity of a sequence s is the length 
of the shortest program p that can produce said object on a universal Turing 
machine, that is, basically, on a conventional computer. Thus, the structural 
information J, can be seen as an approximate measure of the structure present 
in a system, the more complex the system is with more structural information. 

In a complex system, the relationship between the entropy and structural 
information can be effectively expressed as an inverse relationship: 


1 
Igx = 
” 
or, in other terms: 
k 
I,=—= 
A 


where k would be the pertinent proportionality constant. This means that, 
unlike the first definition of information and entropy, in this case the need 
to maintain a low entropy in order to maintain a complex structuring is made 
explicit. Physically, the integrity of a complex formation is compromised in high- 
entropy environments or, equivalently, a high information density is necessary 
to maintain a low-entropy state. 


3 Form, Formation and Information 


Any material formation, any physical object, is completely determined by its 
precise material configuration and its precise structural or geometrical configu- 


ration. Thus, given a three-dimensional domain E,,,,, a material configuration 


would consist of the spatial distribution of a mass N measured in number of 
particles, which occupies a volume V within the domain, whose structure will 
be given, basically, both by the identity of its constituent particles (the type of 
substances that make up the mass) and by their spatial relationships. Including 
the time factor, many other parameters would be involved in the configuration 
of the physical system. Including a certain scale in Ez, different substructures 
within the main structure could be identified. 

But, in a more reductionist analysis —if possible—, although not physi- 
cally reductionist but informationally reductionist, it could be said that both 
the material configuration and the structural configuration ultimately refer to a 
certain informational configuration. Thus, starting from the definition of Boltz- 
mann’s entropy and ignoring probability, we have that the entropy of a volume 
V of a monatomic ideal gas of N particles with an internal energy £ would be 
identifiable with the Sackur-Tetrode equation 

ao 
re 


where m would be the mass of an individual particle and h would be the Planck “s 
constant. Now, knowing that the number of microstates, given this definition, 
is 


V (ene 


H = Nkepg (» N 3Nh2 


Q = eft/ke 
It turns out that the total information contained in such an ideal gas would be 


Nko (in| Sune)” +8) 
a kp In(2) ~ kp n(2) 


= log, (en) 


For example, given 1 mole of helium, that is, a mass N = 6.022-10?° atoms with 
an individual mass m = 6.643 - 1077, at a temperature T = 293°K, contained 
in a volume V = 10~° m3, with an internal or average energy 


3 3 
E= 5 het 5" (1,380 - 107%) - 293 = 6, 067-1077! J 
its entropy would be approximately 


H = (6,022 - 10°) - (1,380. 10773) 


( 10-6 (Oe ee) | 3) 
In += 


6,022 - 1073 \3- (6, 022 - 1028) - (6, 626 - 10-4) D 
= 7,614 J/K 


and therefore the total information contained in the system, also approximately, 


would be 7 614 
T= 2 = 7,956 - 107? bits 
(1, 380-10-23)-In(2)’ si 
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an extraordinarily large and unsuspected amount considering the apparent lack 
of information present in a minuscule portion of gas; and yet it is correct. 

Actual measurements of entropy in gases show that the amount of informa- 
tion contained in a single atom is typically on the order of 10 bits. In general, a 
speck of matter typically contains an amount of information on the order of 104 
bits, or 1,25 billion petabytes. Today, the titanic task of storing such a large 
amount of information would require some 50 billion hard drives or 100 million 
server racks spread across 1000 data centers in physical space, 8,76 trillion kWh 
in energy consumption, and a cost of approximately 20 trillion dollars. 

Why so much information, then? Since this is a thermodynamic approach, 
this is the minimum amount necessary to indicate the position and momentum 
of each particle, and, in reality, this should be infinite according to classical 
analysis. However, by introducing the Planck‘s constant, one determines the 
minimum unit of usable energy —energy is quantized— and thus a continu- 
ous measurement system becomes a discrete measurement system. If this were 
not the case, any two microstates would be virtually indistinguishable. Given 
the immense number of particles whose position and momentum have to be 
determined, the corresponding amount of information must be correspondingly 
immense. 

Now, note that the atomic and molecular plane is not the last plane in which 
matter is existentially functional and that, therefore, thermodynamic informa- 
tion is not the last or the only information. Indeed, information concerning the 
underlying processes related to the interactions between fundamental particles 
or the force fields described in the framework of quantum electrodynamics and 
others can be added to the previous measure. But I will not dwell on this further 
since it is not convenient to stray too far from the main issue. 

Notwhitstanding the above, there is a key distinction in this matter: the 
difference between raw information and its accessibility or comprehensibility. 
Information is only storable and processable to the extent that there is a means 
to store and process it effectively; in other words, information has to be inter- 
preted. Since information, beyond its quantification, is by definition the cur- 
rency of perceptual and cognitive, communicative and control processes, such 
means of storage and processing will necessarily have to be cognitive mecha- 
nisms. Thus, the functional conjunction or relationship, cognitively mediated 
to a greater or lesser extent, between information and its interpretation, is what 
is understood by knowledge. 

Thus, from this point of view, information is not directly proportional to 
entropy, but is inversely proportional, in accordance, coherently, with Kol- 
mogorov’s definition of structural information and complexity. Despite the 
unprecedented amount of information contained in thermodynamic terms, the 
information contained in a given material formation will depend on the cogni- 
tive system that captures and interprets said information, and in such a case 
the information would not be restricted to any particular domain. Since both 
cognitive systems, as well as the entities in which they can identify potential 
knowledge, and physical objects in general are material formations, what dif- 
ferentiates one from the other is not so much the specific matter used in their 
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Figure 1: Transformation of information into knowledge 


generation, but the order adopted by it, its structure and, specifically and es- 
pecially, the emergent phenomena and dynamics that said orders or structures 
in particular produce. Given a sufficient capacity and complexity, a cognitive 
system will be able to describe itself, that is, it will be able to house a model of 
itself. 

As for the actual functions of informational or other systems, it turns out 
that these are entirely determined by their structure; the description of the 
functioning of a protein, like the functioning of a tissue or an organ, like the 
functioning of any machine, necessarily implies the description of the structure 
of the object that executes the function to a greater or lesser extent (molecular 
structure, anatomical structure, form of a mechanism, etc.). Thus, the storage 
of information in a memory of any kind and its very functioning are identifiable 
with acertain configuration of matter. More formally: the functions of a system, 
developed sequentially over time, only take on a meaning and only become a 
recognizable and characteristic entity for the observer to the insofar they are 
mutually identifiable with the topological description of the components and 
connections of the system; structure and function are ultimately a self-referential 
and interconnected holistic entity. It could certainly be said that systems theory 
is largely a geometric and topological discipline. 


4 Genesis, Morpho-Genesis and Self-Genesis 


In both biological and technological organizations, structural information must 
be kept intact long enough to perform the programmed functions. While it is 
true that entropy tends to increase inevitably according to the second law of 
thermodynamics, organisms are not closed systems and therefore can exchange 
matter, energy and information with the environment and, above all, they are 
a network of non-equilibrium processes —or far from equilibrium— based on 
dissipative structures in the sense given by Prigogine; they use the local energy 
available from the environment (sunlight, nutrients) to build and maintain the 
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structures that support —and are identifiable with— the structural information 
and during the process they dissipate it, generally in the form of heat, increasing 
the entropy of the environment. 

In formal terms, let u(r, t) be a set of variables describing the state of a 
system in space r and time t, such as the concentration of chemicals or the 
spatial distribution of matter in general. Given a diffusion operator D, which 
describes the transport and distribution of the variables u and F(u), the latter 
being a nonlinear term representing the internal reactions of the system and its 
nonlinear dynamics, the different solutions of the reaction-diffusion equation, 
whose general form would be 


ou 5 

ae DV* + F(u) 

can give rise to stable spatial and temporal patterns whose existence would be 
completely impossible in a thermodynamic equilibrium; that is to say, they can 
give rise to biological structures. 

Such class of equations might represent, say, the change over time in the 
concentrations of substances within a cell during nutrient transport or during 
the synthesis or degradation of molecules. The expression DV? would represent 
the movement of molecules from areas of higher concentration to areas of lower 
concentration (nutrient diffusion, transport of chemical signals, etc.). On the 
other hand, the expression F(u) would more or less accurately model chemical 
reactions. 

Thus, although the creation of order in the organism, at the expense of the 
use and dissipation of energy, reduces entropy locally, the total entropy of the 
system, consisting of the organism and its environment as a whole, increases, 
that is 

A Forganism <0 


A Henviroment >0 
A Ftotal ra AF organism a A Henviroment >0 


The second law of thermodynamics continues to be fulfilled despite the reverse 
tendency of nonlinear processes far from equilibrium. 

Both the processes of morphogenesis and metabolism involve this thermo- 
dynamic circumstance, but both differ in the order of their functions. Morpho- 
genesis, the construction of structures during the developmental stage, is in a 
certain sense more fundamental than metabolism since it involves the formation 
of the structures that support the metabolic networks throughout the organ- 
ism. On the other hand, metabolism, that is, the transformation, synthesis and 
degradation of organic substances from the molecular level, basically consists of 
the support of the structures once they are built, including those that support 
the metabolism itself. 

Now, when it comes not to self-constructed, self-sustained, and self-designed 
systems, but to systems merely constructed, sustained, and designed by external 
agency, also carrying structural information, more or less complex, the fact 
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remains the same: local entropy remains low while external entropy increases. In 
other words, both living beings and machines require the use and dissipation of 
energy to maintain their internal order. Of course, the means are very different. 
Machines do not have (so far) self-sustaining systems that avoid the inevitable 
informational and material degradation imposed by the second law, that is, they 
do not have a metabolic system. The oxidation of metals and the degradation of 
plastics entail the loss of form and therefore the loss of the function it performed. 
In this case, it is the replacement of the parts by the builder, and not the solid 
integration of the whole supported by networks as in the living being, that allows 
the machine to continue its purpose. 

In both cases, however, whether an external or internal agency intentionally 
keeps entropy low, the intervention of information, in the form of knowledge, 
about the original structure is necessary; in other words, coordination and com- 
munication between the maintainer or repairer and the image or model of the 
thing being maintained or repaired is necessary. The image in the case of ma- 
chines can be any kind of symbolic linguistic production, interpretable by the 
builder, relating to the functional structure, that is, a scheme, a diagram, or 
instructions of any kind. The same is true of living organisms, except that, 
specifically, it is the precise "syntactical" arrangement of nucleic acids that de- 
termines the form of the creature; every living being is at the same time the 
image already materially instantiated and the carrier of its own image, whereas 
the simple machine is nothing more than the embodiment of the image. 

Generalizing this well-known circumstance, regardless of the cognitive-linguistic 
system used to store and use the structural information and regardless of the 
matter used to instantiate the tangible representation of said information, a self- 
constructing and self-sustaining system designed, not by almighty nature but 
by an intelligent being or by an intelligent system in general, could replicate the 
behavior manifested by living beings through divergent pathways. 

Thus, under this postulate, the design and construction of an inorganic living 
organism would be perfectly possible. Such an organism might consist of, say, 
an automated industrial complex. Given a planet with sufficient and necessary 
resources, a base could be set up governed by a central processing unit housing 
some sort of intelligence, directed at controlling the complex. It might con- 
sist primarily of material processing areas and machine manufacturing areas, 
probably machines that recursively manufacture other machines, and a staff 
of construction or repair drones, manufactured by machines in turn built by 
drones, also recursively. Thus, assuming that the designers do not implement 
restrictions of some kind, eventually, not only would the entire surface of the 
planet be covered by intricate circuitry of complex structure, but the original 
processing unit would have redirected much of its resources toward expanding 
its physical support, in turn expanding its capabilities. Given a long enough 
time interval, the original machines would in all likelihood have been destroyed 
or reconfigured and replaced by new, more efficient machines, and the tiny 
original complex would have spread throughout the solar system, becoming an 
autonomous interplanetary industrial complex. 

A simpler example would be the self-replicating automaton. This is a ma- 
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chine, bearing its own image, capable of using the energy and matter around it 
to create copies of itself, either with or without variations, ad infinitum—ideally 
assuming that the resources were always available. The operation might vary 
considerably from one automaton design to another, but in any case it would 
replicate the self-replicating behavior of living beings in its entirety. 

What is the difference between a technological organism, carrier and user 
of information, directed towards its own self-construction and self-sustenance, 
and a biological organism, carrier and user of information, directed towards 
its own self-construction and self-sustenance? Basically, the matter used. The 
program of life can be perfectly replicated by other material means; it can be 
replicated on the informational plane beyond the material plane. Is a machine 
alive when it simulates the behavior of living beings? In fact, the real question 
is this: Is such a machine self-organized like a living being? Or, is the result 
informationally indistinguishable? If the answer is affirmative in either of these 
last two cases, it will also be affirmative in the first. 


5 Desing, Organization and Self-Organization 


Given the ubiquitous informational character of most complex systems and 
of all living organisms in particular, and since this is self-contained and self- 
interpreted information intrinsically and reflexively in the form of knowledge 
about the system itself, there must exist underlying cognitive-linguistic systems 
that direct the informational configuration and are integral to the organisms 
themselves. Indeed, any system that uses information as currency will be to 
a greater or lesser extent a cognitive-linguistic system, and since it provides 
meaning and order, such intelligent means and such cognitive-linguistic charac- 
ter of nature in general are the organizers or designers of living and intelligent 
forms—by designer meaning not an omniscient entity, but a pseudo-conscious 
entity, or rather, conscious with respect to the scale at which it exists (in a 
restricted, non-anthropological sense of the term “consciousness”. 

However, not all order and informationally generated meaning is directed 
exclusively by intelligent forces. Living organisms and their counterparts are 
also, to a greater or lesser extent, directed by emergent phenomena, that is, by 
phenomena that arise unexpectedly from the dynamic interaction and cohesion 
of the parts of the system. Consider, for example, the fact that there is not a 
single gene chain that exactly determines the number of fingers in a creature 
with hands, but instead a complex interaction between networks of genes and 
regulatory elements, which determine with great precision temporal sequences of 
activation and deactivation of morphogens, build the specific structural pattern 
of the entire hand, without anywhere quantifying the number of this or that 
anatomical element. Similarly, the fractal patterns so ubiquitous in animated 
nature, both in the cardiovascular system and in pulmonary circuits and in 
almost every other formation, are not encoded anywhere, but are the product 
of semi-computational operations in which, basically, at each iteration of the 
process, the previously constructed structure of given dimensions is then doubled 
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or tripled and reduced in size. 

In another order of things, highly organized societies or ecosystems are not 
strictly directed by any local agent, but their behavior and dynamics arise spon- 
taneously. The deliberate control of such systems would imply second or third- 
order cybernetic engineering and a reconfiguration, probably too massive to 
maintain the original configuration intact, distorting its form along the way. 
On the other hand, this does not mean that they are exclusively chaotic sys- 
tems, but chaotically organized systems; it is a fine-grained order, difficult to 
capture. 

Intelligently and fortuitously organized formations are effectively self-organized. 
Expressed in terms of the mathematics of nonlinear systems, it could be said that 
the stable states of organization proper to living organisms and their equivalents 
are identifiable with fixed points on iterative maps, that is, with the attractors 
of a multidimensional phase space. After multiple iterations, it can be observed 
that for functions relative to iterative maps, of the general form 


In = ere ) 


where x would be a complex number, or also 


Zin > BRA EC 


the results either simply diverge or tend to converge to a fixed point, the attrac- 
tor, sometimes passing through highly chaotic or regular orbits or trajectories. 
The physical sense of all this lies in the fact that, in a chaotic environment 
—although deterministic— where the bifurcation (or catastrophe in the sense 
given by René Thom) depends on a very fragile state of equilibrium that can 
lead to two very different results, a self-organized physical formation far from 
equilibrium will be intentionally directed to a greater or lesser extent towards a 
stable state of organization, the fixed point or attractor, in which the conditions 
do not vary or do so only slightly. 

As for the emergence of complex phenomena, it turns out that high com- 
plexity is not necessary in the formative processes; complexity is not necessary 
to generate complexity. Quite the contrary, since high complexity could lead 
to too many restrictions. Consider the example of human architecture: subject 
to so many factors such as sociocultural conventions, physical limitations im- 
posed by the efficiency of building materials, etc., it leads to the construction 
of buildings with simple geometry, of low complexity. On the other hand, a 
paradigmatic and famous example of the creation of complexity from simplicity 
is the Mandelbroot set and any other computer program that graphs fractal 
forms, since a simple sum iterated millions of times can give rise to continents 
infinite in spatial extension and complexity. 

Summing up, both design and spontaneous organization are difficult to dis- 
sociate to the extent that design is understood as intelligent direction of the 
informational configuration and spontaneous organization is understood as for- 
tuitous or uncontrolled direction of the same. 


16 


6 Teleonomy, Teleology and Purpose 


The attempt to understand the metaphysical meaning of the very existence of 
meaning, order, life, or intelligence in this universe far exceeds the capabilities of 
contemporary scientific knowledge —and indeed, even its own field, philosophy. 
Of course, there are no experimental methods or empirical circumstances of any 
kind to verify the hypotheses made in this regard. Nevertheless, abstraction can 
be used to a greater or lesser extent in order to approach the question by these 
means. 

It is well known that matter can take on an immense number of forms, since 
the combinatorial of material entities is practically inexhaustible. According to 
classical analysis, the agglomerations of matter are determined and explained by 
physical laws or patterns, which are in principle immutable, and by the interac- 
tions given on multiple scales of space. However, from the contemporary point 
of view, it is known that the true fabric of material phenomenology is informa- 
tion, and that information, without matter, is worthless and vice versa. Under 
the new informational conception of the universe, the study of natural sciences 
is directed, not towards the understanding of material forms and their underly- 
ing formation mechanisms, but towards the understanding of the informational 
configuration mechanisms of informational forms, materially instantiated on the 
phenomenological plane that the observer can access. 

Thus, global order can be conceived as the immutability of informational 
and material formation patterns, while local order can be conceived as the local 
manifestation of meaning, of information used by a certain cognitive-linguistic 
system. Purpose could be understood as a certain tendency towards a certain 
order, that is, towards a certain configuration. 

In terms of the behavior of organisms in general, based on information man- 
agement processes, a distinction can be made between intentional and unin- 
tentional behavior, that is, directed toward a particular change or not. If the 
behavior turns out to be intentional, then it will be an active behavior that 
involves the deliberate use of resources and energy; if it is not intentional, then 
it will be a passive behavior and therefore will not involve a deliberate use, but 
will be a mere expenditure of energy and resources, such as heat dissipation. 

If behavior is purposeful and therefore active, then one can differentiate 
between purposeful and purposeless behavior. If active behavior has some pur- 
pose, then that purpose will be manifested because of the purposeful direction 
of energy and resources. If there is no purpose but it is active, then it will 
be merely a random use of energy and resources. Now, if behavior is active 
and purposeful, then one can differentiate between teleological behavior or non- 
teleological behavior in the case where it is behavior directed toward a final or 
ultimate cause or purpose; or one can differentiate between teleonomic behav- 
ior or non-telenomic behavior in the sense given by Jacques Monod in the case 
where it is behavior directed, not necessarily toward a final cause, but toward 
an intermediate purpose. 

If the behavior is teleologically or telenomically directed, then a distinction 
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can be made between predictive and non-predictive behavior. If the behavior 
turns out to be predictive, then it is extrapolative behavior, i.e., pattern-seeking 
behavior in order to anticipate what will happen next; if it is not predictive, 
then it is not necessarily extrapolative. Finally, if it is predictive and therefore 
extrapolative, then there may be first, second, or nth-order predictive behavior. 
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